Introduction
For an elite athlete a small improvement in athletic performance could mean the difference between a gold medal and a silver one. Sports activities that demand jumping, kicking, throwing and a sudden burst of power to change direction require explosive muscle power. 1 Maximum explosive power is the capability of the neuromuscular system to create a single maximum voluntary contraction at maximum speed. [2] [3] [4] It is possible that cutaneous application of athletic tape could improve muscle explosive power through increased sensory input to the neuromuscular system and increased activation of the sensorimotor reflex pathway. 5 Athletic taping is therefore a modality with the potential to improve athletic performance that depends on explosive muscle power. Taping has been used to enhance proprioception, stability, function and muscle length in sites such as the ankle, 6 knee, 7, 8 neck, 9 shoulder girdle, 10 upper limb 11 and trunk. 12 Although the use of kinesio tape is more widely recognised in rehabilitation, previous studies have also investigated the effect of the tape in uninjured subjects. 5, 6, [13] [14] [15] [16] [17] [18] A recently developed type of tape, kinesio tape, has been used in sports worldwide. Kinesio tape has advantageous mechanical characteristics compared with other types of taping, which lose their structural support within 20 minutes of exercise. 19 Kinesio tape is an elastic, latex-free tape which can be worn 24 hours a day for up to 4 days. This type of tape is approximately the same thickness as the epidermis, consists of 100% cotton (allowing for faster evaporation of sweat and drying time) and has acrylic, heat-activated glue. Another characteristic is the ability to stretch 130 -140% of its original longitudinal static length. 12 Kinesio tape is understood to improve muscle tone through the recruitment of muscle spindles via the sensorimotor pathway. 20 With the sensorimotor mechanism the tape stimulates the mechano-receptors in the skin exteroceptors and, by reflex action, Objective. To determine the short-term effect of kinesio tape on the explosive gluteus maximus power of male athletes, comparing a recommended application pattern with a placebo.
Methods. Sixty healthy university male athletes participated in this double-blinded randomised controlled trial. Those athletes with musculoskeletal injury 6 weeks prior to screening, serious medical condition(s) in the previous 6 months, or metabolic conditions affecting joint integrity were not selected. A different investigator from the one who administered the intervention randomly allocated participants to groups. Allocation was concealed. Group A (n=30) received a recommended Y-strip kinesio tape application and group B (n=30) a neutral placebo application. Height displacement during a counter-movement jump was measured with a reliable Vertec apparatus. Measurements were recorded at baseline, immediately after strapping and 30 minutes later. Participants and raters were blinded to group assignment. Descriptive statistics and analysis of variance for repeated measures were used to determine the effect of time and group on the measurements. Post hoc analysis was done using the Tukey's method.
Results. Time (before, immediately after and 30 minutes after taping) had a significant effect on the measurements. All the measurements after intervention (either immediately or 30 minutes after) had significant differences compared with baseline (95% CI [0.59, 2.29] and [1.50, 3.2] respectively.)
Conclusion. The recommended application type of taping with kinesio tape was equally effective in significantly improving the explosive power of the gluteus maximus in male athletes immediately after and 30 minutes after taping in both groups.
induces changes in muscle tone. 15 Slupik et al. revealed increased recruitment of motor units in the vastus medialis oblique muscle, expressed as peak torque, up to 24 hours after applying kinesio tape to the vastus medialis oblique muscle of 27 healthy subjects with a mean age of 23 years. The bio-electrical activity of an isometric contraction was measured by transdermal electro-myography (EMG). The authors speculated that a reflex effect on the nervous system may have been responsible for the increase in peak torque. They proposed that a greater number of motor units are stimulated during a maximal contraction or that higher tone is generated by a single motor unit, or a combination of both of these factors.
Most vertical explosive activities involve a counter-movement during which the muscles are first stretched and then shortened to accelerate the body or limb. Power is more strongly associated with the ability to perform a vertical jump than force. 21 The gluteus maximus muscle is the prime mover in the upper propulsion phase during a vertical jump. 22, 23 The agonistic function of the gluteus maximus muscle is hip extension and lateral rotation and produces 30% of the work (integral of force with respect to muscle tendon complex length) during a counter-movement jump (CMJ). 23 It would appear that evidence for the efficacy of kinesio tape is lacking, 24 as no randomised controlled trials could be found in the Medline (Ovid), Cinahl, Pedro and EbscoHost databases about the effects of kinesio tape on explosive muscle power. Therefore, the purpose of this study was to investigate the shortterm effect of applying kinesio tape on explosive muscle power of the gluteus maximus muscle. This effect was examined for both a recommended and a placebo method of application. The Y-strip kinesio tape application method (group A) is the method of taping recommended by the Kinesio Taping Association (KTA) and was compared to the I-method of taping (group B). The Y-method allows for large exposure to taping, stimulating a great number of cutaneous mechanoreceptors. 12 We hypothesised that the Y-strip kinesio tape application method (group A) would cause a greater increase in explosive muscle power of gluteus maximus muscle from baseline to post-application in male athletes than the I-method application (group B) would.
Methods Subjects
The study was conducted at the High Performance Centre at the LC de Villiers Sports Grounds, University of Pretoria, in May 2010. Sixtyeight healthy uninjured subjects who were training for competitive sporting events at university level (specifically the first team) were approached for participation in this study. The sample comprised 60 male athletes of different sporting codes between the ages of 18 and 28 training at the university. • the use of illegal performance-enhancing medication or substances, e.g. anabolic steroids • known adverse reactions to taping. The study was approved by the Ethics Committee, Faculty of Health Sciences, University of Pretoria. Written informed consent was obtained from subjects before the intervention and their rights were protected.
Sample size calculation
A priori calculations indicated that a sample size of 30 subjects in each study group would give a power of 95% to detect a difference in the change in the height of the CMJ between the groups from baseline to immediately post taping and 30 minutes post taping at an alpha value of 0.05.
Randomisation
Subjects were listed and numbered in the order in which they were enrolled. From this numbered list, they were allocated to either the Y-strip kinesio tape application group (group A) or to the placebo application group (group B). Allocation was done using computergenerated random numbers. A note with the letter of the allocated group, either an A or a B, was placed in a numbered opaque envelope. After he had consented to participate in the study, each subject received the numbered envelope that agreed with his name on the numbered list.
Blinding
The researcher responsible for the randomisation process also oversaw the training session and warm-up. The same researcher enrolled subjects. Another researcher, responsible for the strapping, opened the sealed envelope to identify which method of taping to apply on the subject. Subjects were not aware whether they were allocated to group A or to group B. They put on their exercise shorts directly after the taping to conceal the taping from those assessing the explosive muscle power.
Material and apparatus
Kinesio tape is available in different colours with no physical differences in physiological effect between tapes of different colours. Blue kinesio tape was used in this study.
The Vertec (Sports Imports Inc 2004) -the 'gold standard' for measuring vertical jumps -was used to measure the maximum jump height attained during a CMJ. 26 The Vertec has plastic swivel vanes 1.13 cm apart and attached to an adjustable telescopic metal pole. The vertical jump height is the difference between the standing reach height and the highest displaced swivel vane. The apparatus is precalibrated when manufactured.
A Medalist (Model JS-7061) stopwatch was used to time the period between jumps (2 min apart) and for the 30-minute post-jump measurements.
Intervention
The researcher who applied the tape had completed the KT1 and KT2 Kinesio Taping course in June 2009 and was qualified to apply the tape in accordance with the Kinesio Taping Association guidelines.
Kinesio tape was pre-cut and then individually tailored to each subject just before application. Group A's taping was applied bilaterally over the gluteus maximus muscle, as illustrated in Figs 2 and 3 . The two Y-shaped pieces of taping of approximately 35 cm long and 5 cm wide were used. The tails of the Y were 30 cm long and 2.5 cm wide, leaving a base of 5 cm (the estimated distance between the subject's greater trochanter and fifth lumber (L5) spinous process). Subjects were asked to lie on their sides with the hip in neutral alignment. The base of the kinesio tape was stabilised and the anterior tail nearest to the clinician was taped to the iliac crest with tape tension of between 50% and 75%. Subjects were then asked to flex, adduct and internally rotate the hip and flex the knee. The kinesio tape was stabilised and the posterior tail was attached to the sacral base, enclosing the gluteus maximus muscle, with the tape tension again between 75% and 100%. Group B's taping was applied in a neutral way without tension, based on other studies that used this method as a placebo (Figs 4 and  5) . 5, 9 Two I-strips with a width of 2.5 cm and a length of 20 cm were applied horizontally to the middle of the gluteus maximus muscle. The strips were placed parallel to each other over the gluteus maximus muscle.
The counter-movement jump (CMJ)
The CMJ has high factorial validity and a reliability level with a Cronbach's α of 0.98 when tested on a contact-mat. 27 The inter-class correlation coefficient ranges from 0.87 to 0.93 for male athletes using the highest jump of three jumps. 28 
Fig. 2. Posterior view of the Y-strip KT application method (group A).

Fig. 3. Postero-lateral view of the Y-strip KT application method (group A).
Subjects completed a standardised dynamic warm-up of 10 bodyweight squats, lunge walks for 10 metres and buttock kicks for 10 metres. Thereafter each subject performed 5 CMJs at the Vertec at sub-maximal effort as training to decrease bias because of the learning effect. 27 Five practice jumps have been shown to adequately reduce the effect of learning on improvement of the outcome measure. 29 The CMJ was performed on a level non-slip concrete surface. Subjects were standing barefoot alongside the Vertec, under the vanes, with both hands reaching as high as possible while the heels remained on the floor. The Vertec was adjusted according to each subject's maximum reach and the measurements were documented. The subject then simultaneously swung his arms backwards and rapidly flexed his ankles, knees, hips and lower back in a continuous motion causing vertical propulsion when extended. In one flowing movement, at the maximum height of the vertical jump, the dominant hand was used to displace the vanes of the Vertec. A subject was asked to repeat the jump if preliminary steps were taken, if he shuffled his feet, or if a change in depth occurred during the jump.
Procedure
Subjects were booked for 1 of 6 sessions on either of the 2 allocated testing dates (1 and 8 May 2010). Groups of 5 subjects were assigned for each testing session with duration of 1.5 hours. Following the information and familiarisation session, written informed consent was obtained from each subject. Subjects completed the warmup session and the standing reach height was recorded. Baseline measurements that consisted of 3 CMJs at maximal effort, 2 minutes apart, were recorded for each subject.
Thereafter subjects were strapped according to their allocated group. Immediately post taping, 3 CMJs were performed and recorded and were followed by a 30-minute rest period. The warm-up was repeated prior to the last 3 CMJs performed 30 minutes post taping. No subjects reported adverse effects of the taping.
Data analysis
Descriptive statistics consisting of means and standard deviations for the measurements were calculated. Analysis of variance (ANOVA) for repeated measures was used to determine the effect of time and group on the measurements. Post hoc analysis was done on significant variables (p<0.05) after performing ANOVA using the Tukey's method. Analyses were done in STATA Version 12.
Results
The 60 male participants were equally divided between group A and group B. They participated in 15 sporting codes shown in Table 1 . The most prevalent codes were rugby, athletics and cricket. The 'other' category included one each of dancing, cycling, netball, long jump, high jump, triple jump, tennis, rock climbing and squash.
The baseline mean was 68.26 cm for group A, while it was 66.61 cm for group B (Table 2 ). In both groups the measurements increased over time (from baseline to directly post taping to 30 minutes post taping). The ANOVA showed that there was no significant mean difference between the measurements for the two groups (p=0.21). Time (before, immediately after and 30 minutes after taping) had a significant effect on the measurements (p<0.001). However, no significant difference (p=0.52) in the way the groups changed over time was found.
Given the significant effect of time, post hoc analysis was performed to determine the means that were different (Table 3 .) All the measurements after intervention (either immediately or 30 minutes after) had significant differences compared with baseline. In addition to that, measurements immediately after intervention 
Discussion
To the best of the authors' knowledge, this study was the first to assess the effect of kinesio tape on explosive muscle power in healthy male athletes. The main finding was that kinesio tape improves short-term muscle power of the gluteus maximus directly after application and 30 minutes later for both the groups. Although the improvements in jump height may appear small (95% CI [1.5; 3.2]), even differences of this magnitude can influence medal placings at a high-performance level. For example, both the silver and bronze medalists for the high jump at the 2012 Olympic Games reached a maximum jump height of 2.03 m. This fact would suggest that the application of kinesio tape may provide a meaningful improvement in performance in certain sports.
The main effect of kinesio tape is attributed to applying the tape with tension, as was done for the Y-application method (group A). 13 This provides a pulling force, which causes a change in stretch load, pressure and shear force, triggering the mechanoreceptors in the subdermal soft tissue and fascia. The central nervous system integrates the sensory input, and modulates gamma-motor firing, which in turn leads to increased muscle tone.
However, in this study the Y-strip application (group A) did not produce better results than the I-strip application without tension (group B). To explain this outcome, the researchers speculated that the group B application activates central mechanoreceptors on the larger surface area of the gluteus maximus muscle, and the group A application similarly stimulates mechanoreceptors along the boundaries of the muscle. Slupik et al. 15 are also of the opinion that even without stretching, strapping has a facilitating effect on cutaneous mechanoreceptors with subsequent reflex motor stimulation.
One limitation of the study is that in the absence of a true control group with no taping, it is unclear whether the improvement in explosive power reflects a learning effect or equivalent efficacy for both taping methods. This limitation could also be addressed using a cross-over design where the same subjects performed randomised no-tape, Y-tape and placebo-tape jumps. A further consideration is that larger performance-enhancement effects might have been demonstrated in less trained individuals who may have been more likely to benefit from neuromuscular facilitation.
Although outcome of the study may have been affected by the outdoor testing environment, the testing took place in a square with walls on all sides that shielded the area from the wind. The maximum temperature reported according to the South African Weather Service for the first testing day was 18 o C in the Pretoria area and 26 o C on the second testing day. Rain that lasted for 30 minutes during the first testing day may have led to a decrease in the expected height difference in the post-taping measurements.
A limitation in the strapping technique was that body lotion had not been removed from patients' gluteal area and the area had not been shaved, which may have limited the adhesion of tape to the skin and resulted in less than optimal facilitation of cutaneous mechanoreceptors. On the other hand, pull on hair may have increased the stimulation via the mechanoreceptors in the hair follicles.
Conclusion
It would appear that kinesio tape applied to the gluteus maximus muscle of healthy young male athletes significantly increases shortterm vertical jump height as a proxy for explosive muscle power over time in both methods of application tested in this study. The hypothesis that the Y-strip kinesio tape application method (group A) would cause a greater increase in explosive muscle than the I-method application (group B) was therefore rejected.
The implication of the findings is that athletes participating in the high jump may benefit from strapping using either application within half an hour of jumping.
These findings need to be confirmed in a study that includes a notaping group so as to control for the influence of a learning effect. The effect of kinesio taping also needs to be tested after injury, as the use of kinesio tape, in addition to other modalities, may be effective in rehabilitating explosive power of the gluteus maximus muscle in male athletes. Future studies that monitor the long-term effects in a multi-staged way are also recommended. 
